Objective: The present study aimed to determine the influence of vitamin A on iron absorption when vitamin A and iron are administered together orally compared with the administration of iron alone. Methods: This was a randomized double-blind clinical trial conducted on healthy men with normal red blood cell indices. Five experiments were performed, with iron (10 mg); iron (10 mg) plus vitamin A (450, 900 and 1800 µg), and placebo. After an 8-hour fast, basal (T0) blood samples were collected: basal (T0), 2 hours (T1), and 4 hours (T2) after the ingestion of the compounds to be studied. Iron was determined by inductively coupled plasma mass spectrometry. Serum ferritin was determined by an immunometric method, ie, by chemoluminescent enzyme immunoassay. Plasma retinol was measured by high-pressure liquid chromatography. Serum curves and the sum of the area under the curve adjusted to the mixed effects linear model were determined (P , 0.05). Results: Vitamin A at the doses of 450 and 900 µg had a stimulating effect, which, however, did not differ significantly from that of experiment 1 in which iron was used alone. At the dose of 1800 µg, vitamin A had a negative effect on iron absorption. Conclusion: High doses of vitamin A may cause lower serum iron levels, whereas a low dose favors iron absorption.
Introduction
Iron absorption that occurs in the duodenum and upper jejunum 1,2 may be affected by the action of agents that both stimulate and impair it. The interaction of vitamin A and iron was first shown in 1978 by Hodges et al, 3 who suggested that a possible improvement of iron absorption occurred in the presence of vitamin A.
Martini et al 4 observed increased iron availability in the presence of vitamin A. Regarding the participation of vitamin A in iron absorption, Strube et al 5 suggested that vitamin A deficiency plays a decisive role in iron metabolism. Reduced transferrin synthesis, iron transport, and iron uptake by bone marrow resulted in inefficient erythropoiesis characterized by iron deficiency. In addition, studies have indicated the formation of an iron-vitamin A complex in the intestinal lumen as the factor responsible for the reduction of the inhibitory effects of both phytate and polyphenols on iron absorption. 6 The objective of the present study was to determine the influence of vitamin A on iron absorption when the vitamin is administered orally with iron compared with the administration of iron alone.
Materials and methods Subjects
This was a randomized, controlled, double-blind study conducted on healthy 19-to 30-year-old males with normal red blood cell índices and without anemia. Exclusion criteria were the following: practice of intense physical activity (more than 2 hours per day); diarrhea; use of medications; diseases of the stomach, pancreas, intestine, liver, and bile ducts; red blood cell levels below normal values; microcytosis and hypochromia; intestinal parasitosis; diabetes mellitus; arterial hypertension; renal insufficiency; obesity; smoking; and alcoholism.
Mean dietary iron ingestion by the volunteers was 17.1 ± 5.1 mg iron and 563.0 ± 294.5 µg vitamin A per day.
Study design
The randomization technique was used, and the subjects were distributed at random. Five experiments were carried out, as shown in Table 1 .
After an 8-hour fast, basal blood samples were obtained from the volunteers for the determination of whole blood count, minerals (iron and calcium or zinc), ferritin, and vitamins C and A (Time 0).
Next, the volunteers received the compounds being tested accompanied by 200 mL water. They then fasted for an additional 4 hours for the monitoring of serum iron. Samples were collected at 2 (Time 1) and 4 hours (Time 2).
The presence of side effects, such as flatulence, eructation, gastric malaise, nausea, vomiting, intestinal colic, and diarrhea, was determined both at the end of the experiment and at 24 hours post-testing.
Compounds
Compounds used were ferrous sulfate and retinol palmitate.
Biochemical parameters
Using a vacuum aspiration system, blood samples were collected aseptically from a cubital vein into sterile tubes through a permanent catheter. For hemoglobin determination, blood was collected into Vacutainer  tubes (BD, Franklin Lakes, NJ) containing the anticoagulant ethylenediaminetetraacetic acid and sent to the Hematology Laboratory of HCFMRP-USP for analysis by the cyanomethemoglobin method using an automatic T890 or STKS counter (Beckman Coulter Inc, Pasadena, CA). Serum ferritin levels were determined with a DPC Immulite analyzer (Diagnostic Products Corporation, Los Angeles, CA) using an immunometric method (chemoluminescent enzymatic immunoassay) in the gynecology and obstetrics laboratory of HCFMRP-USP. Plasma Fe was measured by inductively coupled plasma mass spectrometry, using Palmer et al's method. 7 Plasma retinol was measured by HPLC according to Arnaud et al's technique. 8 
Statistical analysis
Data were analyzed statistically based on the maximum serum iron concentration and on the sum of the areas under the curve by the trapezoid method. 1 A mixed-effect linear model was used to compare mean serum iron levels between groups and the area under the 
Results and discussion
Nine males with a mean age of 25.7 ± 2 years participated in the study. Mean height was 1.76 ± 0.04 cm and mean weight was 79.28 ± 15.24 kg. Mean body mass index was 25.61 ± 4.07 kg/m 2 . The mean biochemical data for each day of the experiment are listed in Table 2 .
To determine the interactions of micronutrients on iron absorption, we opted for the method of plasma monitoring. Hoppe et al, 10, 11 who validated the technique of serum iron monitoring, concluded that the method could determine the relative bioavailability of various iron compounds in relation to ferrous sulfate. Conway et al 12 showed a good correlation between this method and the stable isotope technique for the determination of relative iron absorption from a meal. Plasma monitoring is relevant information regarding qualitative measurement, which provides comparisons of the experiments simultaneously when they are performed in the same individual -as by our group. 13, 14 In the present study, iron absorption in experiments 2a and 2b was higher than in experiment 2c (P , 0.05) regarding the monitoring of serum iron and the AUC. Iron absorption in experiment 1 was higher than in experiment 2c (P = 0.04) and the AUC was greater in experiment 1 vs 2c (P = 0.05). Thus, the results suggest that at the doses of 450 and 900 µg, vitamin A had a stimulating effect, which, however, did not differ significantly from that of experiment 1 in which iron was used alone. At the dose of 1800 µg, vitamin A had a negative effect on iron absorption.
Both the comparison of the mean AUCs for the groups at baseline for the time variable ferritin (mg/dL) and the comparison of the means for the groups with a fixed time for the standardized response variables are shown in Table 3 . According to the baseline values (serum iron mg/dL) in Table 4 and Figure 1 , the mean serum iron levels increased (mg/L) in experiments 1, 2a, 2b, 2c, and 3. The comparison of the AUCs for the variable serum iron (mg/L) is shown in Table 5 .
In studies on isotopes, García-Casal et al 15 showed that low doses of vitamin A or beta-carotene can double the absorption of nonheme iron in cereals by anemic adults, which is probably due to the prevention of the inhibitory effects of phytates on iron absorption. Studies have indicated that the formation of an iron-vitamin A complex in the intestinal lumen is responsible for the inhibitory effects of both phytate and polyphenols on iron absorption. 6 However, Walczyk et al 16 did not detect a change in iron absorption due to an effect of vitamin A, and stated that vitamin A possibly improves iron absorption in individuals with vitamin A deficiency. Studies evaluating the influence hemoglobin levels (P = 0.007), serum iron levels (P = 0.010), and saturated transferring levels (% TS) (P = 0.027). The positive interaction between vitamin A and iron absorption was identified, although the mechanism by which this interaction occurs has not been fully elucidated. It is possible that vitamin A does not directly interfere with iron absorption in the intestinal tract but acts by mobilizing iron stores, thus rendering them available for hemoglobin formation. Another possible mechanism could be that vitamin A stimulates the synthesis of transferrin by increasing iron transport from plasma to the tissues. 18, 19 High doses of vitamin A may lead to lower serum iron levels, whereas low doses favor iron absorption. Thus, iron should always accompany physiological doses of vitamin A in order to stimulate iron absorption.
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